Cell death is thought to take place through at least two distinct processes: apoptosis and necrosis. There is increasing evidence that dysregulation of the apoptotic program is involved in liver diseases. However, there is no method to simply evaluate apoptosis in the liver tissue at present. It has been reported that the expression of asialoglycoprotein receptors (AGPRs) increases with apoptosis, but there is no report until now that investigates the influence of soluble AGPRs on apoptosis of hepatocytes. Soluble AGPRs have been reported to be present in human serum under physiological conditions. In the present study, in order to investigate the correlation between apoptosis of hepatocytes and soluble AGPR, mouse soluble AGPRs were detected using SDS-PAGE and Western blot analysis was conducted using anti-extracellular mouse hepatic lectin-1 (Ex-MHL-1) antiserum (polyclonal rabbit serum). The mouse soluble AGPRs were present in culture medium and mouse serum when hepatocytes were damaged. The soluble AGPRs increased proportionately, as the number of dead hepatocytes increased. In addition, soluble AGPRs existed more when apoptotic cell death was observed in in vitro and in vivo than when necrotic cell death was observed. The extracellular moiety of MHL-1 exists in the culture medium and mouse serum as a soluble AGPR, but the detailed mechanism of releasing soluble AGPR from hepatocytes has not been revealed yet. We described the first evidence for the relation between quantity of soluble AGPRs with two kinds of cell death: necrosis and apoptosis. Based on the results of our study, soluble AGPRs might become a new marker of apoptosis in the liver tissue and be useful for clinical diagnosis and treatment for liver diseases.
INTRODUCTION
jury (9). Thus, the importance to evaluate apoptosis in the liver is growing in clinical diagnosis and treatment for liver diseases. Apoptosis plays an important role in homeostasis of multicellular organisms, and a disrupted apoptosis sys-
The usual glycoproteins that exist in blood have the complicatedly layered structure with sialic acid and a tem is involved in many diseases (29) . Recent evidence suggests that the failure of cells to undergo apoptotic galactose group in their end part. When their lives are exhausted, the sialic acid of the end part comes out, and cell death may be involved in the pathogenesis of a variety of human diseases (1) . Specific therapies designed they become asialoglycoprotein (ASGP) in which the galactose residues of a pro-terminal group are exposed. to enhance or decrease the susceptibility of individual cell types to undergo apoptosis can form the basis for Then ASGP is recognized and taken in by asialoglycoprotein receptors (AGPRs) expressed on the hepatic treatment of a variety of human diseases (7, 19) . Apoptosis in the liver has become the focus of many research-parenchymal cells (8). AGPRs bind to desialylated glycopretein, but the role of AGPRs in the living body has ers since it becomes apparent that dysregulation of the apoptotic program is pathophysiologically involved in had many unknown points. It is reported that apoptosis induces AGPR expression on the surface of hepatocytes liver diseases (16). Experimentally, the regulation of apoptotic pathway in hepatocytes shows therapeutic po-(5), and the role for one of the AGPRs is to selectively remove dying hepatocytes at the time of the onset of tential for the treatment of apoptosis-mediated liver in-408 KAKEGAWA ET AL. apoptosis (4). Enhanced hepatocyte apoptosis is often µg/ml and was serially diluted with WE medium in order to give final concentration. Each dilution was added associated with liver diseases, including viral and autoimmune hepatitis, cholestatic disease, and metabolic to hepatocyte cultures with 50 ng/ml actinomycin D. disorders (14) . In contrast to necrosis, apoptosis is not Western Blot Analysis usually associated with tissue inflammation (14), and As a sample, the culture medium was used undiluted, biochemical data are a poor indicator for the histological and mouse serum was diluted 100 times. The sample severity of the diseases. In the present study, we showed was mixed with an equal volume of 2× electrophoresis that the extracellular mouse hepatic lectin-1 (Ex-MHL-1) sample buffer and boiled for 5 min at 95°C. A 20-µl was released from mouse hepatocyte as a soluble AGPR aliquot of the above samples was subjected to 10% SDSin the culture medium and mouse serum by using the PAGE under a reducing condition at 20 mA for 2 h. rabbit anti-Ex-MHL-1 polyclonal antibody. Soluble Molecular weight standards (Bio-Rad, USA) were also AGPRs increased when liver was subjected to apoptosisapplied to the SDS-PAGE. For Western blotting, protype damage in vitro and in vivo. This is the first report teins were transferred from the gel to a polyvinyldifluorrevealing the relation between quantity of soluble ide (PVDF) membrane (Amersham Pharmacia Biotech, AGPRs with two kinds of cell death: necrosis and apop-USA) using a semidry blotter (Bio-Rad) at 400 mA for tosis. Soluble AGPRs measurements might be used to 0.5 h. Nonspecific binding sites on the PVDF memdefine the degree of apoptosis in the liver tissue, indicatbranes were blocked by incubating with 5% bovine seing the possibility that they became the new serum rum albumin (BSA) for 1 h. The blotted membranes marker for clinical use in diagnosis and treatment of were incubated with anti-Ex-MHL-1 antiserum (polyliver diseases.
clonal) that was diluted 1:5000 with 5% BSA-PBS over-MATERIALS AND METHODS night at 4°C. Anti-Ex-MHL-1 antibody was produced Liver Cell Isolation by injection of recombinant Ex-MHL-1 to rabbits. The membrane was washed with PBS containing 0.1% Hepatocytes were isolated from BALB/c male mice Tween 20 for 10 min three times. Then it was incubated (age 5-7 weeks) using a two-step collagenase perfusion with peroxidase-conjugated secondary antibody, diluted method of Seglen (21, 22) . The dead parenchymal hepato 1:10,000, at room temperature for 1 h. The membrane tocytes were completely removed through density gradiwas washed with PBS containing 0.1% Tween 20 for 5 ent centrifugation using Percoll (Pharmacia, Piscataway, min five times. Subsequently, the membrane was treated NJ). The nonparenchymal cells were completely rewith ImmunoStar Reagents (Wako Pure Chemical Inmoved through centrifugations repeated three times at dustries, Japan). The chemiluminescence emission was 50 × g. The cells were suspended in Williams E (WE) detected using a luminescence image analyzer, FASmedium (Gibco BRL, New York) at a concentration of 1000 (Toyobo, Japan). Signal intensities of the immuno-5 × 10 4 cells/ml containing 10% fetal bovine serum reactive bands were quantitatively determined using (Gibco BRL) and antibiotics (50 µg/ml penicillin, 50 µg/ NIH image program. ml streptomycin, and 100 µg/ml neomycin). After incubation at 37°C for 3 h in a humidified environment of Lactate Dehydrogenase Leakage Into the 5% CO 2 /95% air, the cultures were rinsed with warmed Culture Medium serum-free WE medium to remove dead cells and debris,
The lactate dehydrogenase (LDH) activities in the and then the same medium as above was added to the culture medium were determined by measuring the abcultures. After further incubation at 37°C for 24 h, the sorbance values spectrophotometrically at 490 nm using cultures were used for the following experiments.
CytoTox  kit (Promega, USA). Cytotoxicity expressed Hepatocyte Treatment With Carbon Tetrachloride as the percentage of LDH leakage to the completely (CCl 4 ) and Anti-Mouse Fas Monoclonal Antibody killed hepatocytes through freezing treatment was measured. CCl 4 (Wako Pure Chemical Industries, Japan) was dissolved in 1 M dimethyl sulfoxide (Wako Pure Chemi-DNA Isolation and Ladder Detection Using cal Industries, Japan). Then the solution was serially Agarose Gel Electrophoresis diluted with WE medium in order to give final CCl 4 concentration. Each dilution was added to the above-DNA was extracted, and apoptosis was identified through the detection of internucleosomal DNA cleav-mentioned 24-h hepatocyte cultures, which were subjected to the following examination 12 and 24 h after age producing the characteristic "ladder pattern" of low molecular weight DNA following agarose gel electro-CCl 4 treatment. Anti-Mouse Fas monoclonal antibody (Medical & Biological Laboratories Co., Ltd., Japan) phoresis. The hepatocytes were collected at the prespecified time after CCl 4 or anti-mouse Fas monoclonal anti-was dissolved in WE medium at a concentration of 100 body treatment, and resuspended in 30 µl cell lysate mouse Fas monoclonal antibody and the LDH leakage in the culture medium. In other words, soluble AGPRs buffer (50 mM Tris-HCl, 10 mM EDTA, 0.5% sodium-N-lauroylsarcosinate). Then 1 µl RNAase A solution (10 increased proportionately as the rate of hepatocytes death increased. mg/ml) was added to the solution and it was incubated at 50°C for 30 min. Subsequently, 1 µl proteinase K Apoptosis of Isolated Hepatocytes Incubated With CCl 4 solution (10 mg/ml) was added and incubated at 50°C
or Anti-Mouse Fas Monoclonal Antibody for 60 min. After isolation of total DNA, DNAs were It is well established that CCl 4 is a typical hepatoseparated on a 2.0% agarose gel with TAE (40 mM Tristoxin causing necrosis (17). In contrast, the apoptotic acetate, 1 mM EDTA) as the running buffer. The fragpathway in hepatocytes can be initiated by activation of mented DNA bands were visualized using UV transilluthe Fas pathway when an anti-mouse Fas monoclonal minator, FAS 3 (Toyobo, Japan).
antibody is administrated (15). However, some also re-Animal Dosing Regimen port that CCl 4 causes apoptosis in the liver (26) . There-Male BALB/c mice (20-30 g) were administered fore, we examined DNA ladder of hepatocytes mediated with a single IP dose of CCl 4 (0-2.0 mmol/kg in corn by either CCl 4 or anti-mouse Fas monoclonal antibody oil) or anti-mouse Fas monoclonal antibody (Jo-2 antiusing agarose gel electrophoresis. The DNA ladder was body) (Becton, Dickinson and Company, USA) (0-10 recognized 12 h after the treatment with anti-mouse Fas µg/kg in phosphate-buffered saline). The animals treated monoclonal antibody with which LDH was not largely with vehicle alone were used as controls. Blood samples detected in the culture medium ( Fig. 3a, b ). On the other of the mice were collected from orbital sinus.
hand, the DNA ladder came to be recognized 24 h after the treatment with CCl 4 (Fig. 3c ). Hepatocyte death was Determination of Serum Alanine reflected in LDH leakage in culture medium (Fig. 3d ).
Aminotransferase Levels
Comparison of Quantity of Soluble Asialoglycoprotein Blood samples were stored at 4°C and allowed to clot
Receptors in Culture Medium With CCl 4 and overnight. Serum was isolated through centrifugation at Fas-Mediated Cultured Hepatocytes 4000 × g for 15 min, and serum alanine aminotransferase (ALT) levels were determined using GP-transferase
To determine whether the amounts of soluble AGPRs kit (Wako Pure Chemical Industries, Japan), according differed depending on the types of cell death, isolated to the manufacturer's instructions.
hepatocytes were incubated with CCl 4 or anti-mouse Fas monoclonal antibody. Comparison between LDH leak-Statistical Analysis age and signal intensities of the immunoreactive bands Data were expressed as mean ± SD in each group.
showed that hepatocytes treated with anti-mouse Fas Statistical analysis was conducted using Student's t-test.
monoclonal antibody had significantly more soluble AGPRs in the medium than those treated with CCl 4 RESULTS under the conditions where approximately half of hepa-Proportionality Between Soluble AGPRs in the tocytes died ( Fig. 4 , using 0.7 mM CCl 4 and 5 ng/ml Culture Medium and the Concentration of CCl 4 anti-mouse Fas monoclonal antibody). Correspondingly, and Anti-Mouse Fas Monoclonal Antibody under the conditions where almost all the hepatocytes died, signal intensities of the immunoreactive bands We examined whether immunoreactive soluble compared with LDH leakage tended to be stronger in AGPRs were present in culture medium that was incuthe medium treated with anti-mouse Fas monoclonal anbated with mouse hepatocytes damaged by CCl 4 or antitibody than in that with CCl 4 (Fig. 4, using 3 .0 mM CCl 4 mouse Fas monoclonal antibody. Immunoreactive bands and 100 ng/ml anti-mouse Fas monoclonal antibody). were observed at the molecular weights of 37.0 kDa through SDS-PAGE and Western blot analysis using
Evaluation of Soluble Asialoglycoprotein Receptors anti-Ex-MHL-1 antiserum (polyclonal rabbit serum)
in Mouse Serum in Case of Liver Injury (Fig. 1 ). Molecular weights of soluble AGPRs were lower than those of the MHL-1 (42.0 kDa) (10). In re-We examined soluble AGPRs in mouse serum as well as isolated hepatocytes. Administration of CCl 4 or gard to hepatocyte lysate, the immunoreactive band was broad and had higher molecular weight than soluble anti-mouse Fas monoclonal antibody to mouse causes acute liver dysfunction. The grade of the liver damage AGPRs (Fig. 2) . It suggested that soluble AGPRs were the modified form of the intact AGPRs existing on the was evaluated by measuring ALT. By carrying out SDS-PAGE and Western blotting of the mouse serum, soluble hepatocyte. The signal intensities of the immunoreactive bands quantitatively detected by NIH program increased AGPRs in mouse serum were identified. The quantitation of signal intensities of the immunoreactive bands in proportion to the concentration of CCl 4 and anti- showed that the number of soluble AGPRs normalized tion to the rate of the death of hepatocytes (Fig. 1) . As the existence of soluble AGPRs was confirmed, we in-by ALT values was larger in the mice administered antimouse Fas monoclonal antibody than in those adminis-vestigated the difference in the soluble AGPRs between two kinds of cell death: necrosis and apoptosis. We used trated CCl 4 (Fig. 5) .
CCl 4 to induce necrotic cell death and anti-mouse Fas DISCUSSION monoclonal antibody to induce apoptotic cell death. The In the present study, we revealed that soluble AGPRs DNA ladder detected using agarose gel electrophoresis were detected in mouse hepatocyte culture medium and suggested that the apoptosis of hepatocytes was induced mouse serum through SDS-PAGE and Western blot by anti-mouse Fas monoclonal antibody from the early analysis using anti-Ex-MHL-1 antiserum (polyclonal stage of cell injury (Fig. 3 ). In the Western blot analysis, rabbit serum). The soluble AGRPs increased in proporthe quantitation of signal intensities of the immunoreac- AGPRs during apoptosis. However, the mechanism of releasing soluble AGPRs into culture medium and mouse serum is still unknown. The formation of soluble receptors can be generated by (a) differential processing of a common precursor protein leading to both cell surface and soluble receptor, (b) intracellular cleavage of the transmembrane form, or (c) a proteolytic clip of the mature receptor at the cell surface (13). The human AGPRs have variants of the H2 subunit, H2a and H2b. H2a is not a subunit of the receptor but a precursor for the secreted form of the protein (30) . In the present study, we used anti-Ex-MHL-1 antibody to differentiate soluble AGPRs from hepatic lectin 2 variant. The results of investigating immunoreactive bands of mouse hepatocyte lysate and soluble AGPRs showed that soluble AGPRs were not intact MHL-1 but modified MHL-1 (Fig. 2) . Additional research is required to clarify the mechanism of releasing soluble AGPRs in the case of liver injury. It has been reported that soluble AGPRs exist in that plays a critical role in adult tissue homeostasis. Apoptosis and the elimination of apoptotic cells are crucial factors in the maintenance of liver health (14). In contrast to necrosis, apoptosis is tightly controlled and tive bands showed that abundance of soluble AGPRs increased when the rate of apoptotic cell death increased. regulated via several mechanisms, including Fas/Fas ligand interactions, the efforts of cytokines such as tumor The difference was observed more clearly when half of hepatocytes died than when almost all of them died in necrosis factor-α (TNF-α) and transforming growth factor-β (TGF-β), and the influence of pro-and anti-vitro ( Fig. 4) . At the final stage of cell injury, both CCl 4 and anti-Fas monoclonal antibody participated in apop-apoptotic mitochondria-associated proteins of the B-cell lymphoma-2 (Bcl-2) family (14). In order to maintain a tosis of hepatocytes ( Fig. 3) . It is reported that CCl 4 causes mainly necrosis and partially apoptosis, leading fine balance between cell production and cell elimination, multicellular organisms have developed various to secondary necrosis (23) . This might be the reason why the difference of signal intensity was not clear mechanisms to regulate apoptosis and to control the subsequent removal of apoptotic cells (29) . Several recent when most cells had died (Fig. 4 ). In the present study, soluble AGPRs in mouse serum were also investigated, studies have suggested that excessive activation of the Fas and Fas ligand systems in the liver plays an essential and it was revealed that more soluble AGPRs existed when acute liver injury was induced by anti-mouse Fas role in the development of fulminant hepatic failure caused by hepatitis virus infection or endotoxin (11). monoclonal antibody than when it was induced by CCl 4 in mouse serum as well as cultured medium (Fig. 5) .
Hepatocyte growth factor abrogates Fas-induced massive liver apoptosis and the lethal hepatic failure by It has been reported that the expression of AGPRs of hepatocytes at the time of the onset of apoptosis in liver strongly induced Bcl-xL expression and subsequently blocked Fas-mediated signaling pathway in mice (12). of rats was significantly strong (5,6). The phagocytosis of rat hepatocytes undergoing apoptosis is mediated by Apoptosis triggered by the Fas pathway occurs, at least in part, through the activation of intracellular enzymes the hepatic AGPR recognition system (4). In our study, more soluble AGPRs existed under the condition of called caspase (2) . The therapeutic potential of caspase inhibitors is reported in terms of the treatment of apop-apoptotic cell death than that of necrotic cell death. This result might have the relation to the expression of tosis-mediated liver injury (9,25). It is reported that inhi-
